Introduction
Driven by alterations in the national and global economy, international competition, and the rapid pace of technological change organisational downsizing (that is, reduction in numbers of staff by businesses and other organisations) became an important aspect of working life in developed countries in the last decades of the 20th century.
1 Regardless of whether downsizing is an effective business strategy resulting in better corporate performance, its potential deleterious consequences on the health of employees have become apparent.
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Vahtera et al, for example, reported that the health of those who kept their jobs depended on the extent to which staffing levels were reduced in the category of job concerned. 3 Medically certified long term sickness absences, irrespective of cause, were twice as common after major downsizing ( > 18%) than after minor downsizing ( < 8%).
Although the association between organisational downsizing and the health of employees has been shown, much remains to be discovered about the mechanisms through which downsizing affects health. Only indirect evidence has hitherto been available. This evidence comes, on the one hand, from studies of the relation between downsizing and changes in factors related to employees' working and private lives 5 6 and, on the other, from research into relations between such factors and health outcomes. [7] [8] [9] [10] From results of the two groups of studies three mechanisms that may link downsizing and health can be identified: firstly, alterations in characteristics of work, increasing perceived job insecurity and job demands and decreasing job control; secondly, adverse effects on social relationships-for example, reduction in social support; and, thirdly, behaviour prejudicial to health-for example, smoking and excessive alcohol consumption may become more prevalent.
We prospectively investigated associations between downsizing, changes related to work and other aspects of life, and medically certified sickness absence from 1990 to 1995. The target population was municipal staff in the town of Raisio in south western Finland. Unemployment gradually declined in Finland in the 1980s, reaching its lowest level in 1990.
11 At that time, employees with permanent public sector contracts had come to expect their jobs to be safe. 12 From 1991 to 1995, however, Finland faced its most severe economic decline since the first world war. According to the International Labour Organisation/European Union definition, unemployment rose from 3% in 1990 to 16% in 1993 and was still 15% in 1995. 11 The number of Finnish municipal employees fell by 12% from 1990 to 1993, after which it slightly increased. At the same time, days worked in Raisio decreased by 15% from 1991 to 1993 and increased 4% from 1993 to 1995.
3
Downsizing was related to socioeconomic status, employees with low income being most at risk.
10

Methods
Participants and design
In 1990 we began a prospective cohort study to investigate the impact of the psychosocial work environment on health. In total 1110 full time municipal employees (95% of a total staff of 1168 employees) in Raisio responded to the baseline survey. Of the respondents, 892 were still working three years later at the time of follow up survey, and 812 of them (91%) responded to the follow up. 10 Another cohort, based on the employer's registers of contracted days worked for at least six months in 1991 before major changes and for at least six months in 1993 when the most extensive downsizing occurred, was established to study the effect of organisational downsizing on health.
3 Of this cohort, 764 (189 men, 575 women) belonged to the original cohort and had completed the 1990 and 1993 questionnaires designed to allow assessment of characteristics of work, social relationships, and health behaviours. They comprised the final cohort of the present study: 29% were higher grade white collar workers (for example, managers, physicians, teachers), 45% lower grade white collar workers (for example, technicians, registered nurses, office workers), and 26% blue collar workers (for example, cleaners, maintenance workers, kitchen assistants). The mean (range) age was 41.4 (20-62) years, and the average organisational tenure was 11.5 (1-33) years. Data covered 936 person years of follow up for men and 2800 person years of follow up for women. Approval from the ethics committee of the Finnish Institute of Occupational Health was obtained for the study.
Data were assembled for three periods: before downsizing (1990-1); during major downsizing affecting some job categories (1993); and when downsizing slowed down .
3 Data relating to the first period consisted of questionnaire survey information from 1990 and records on sickness absence from 1 January to 31 December 1991. Data for the second period consisted of information obtained by questionnaire survey and information about the extent of downsizing (for instance, reductions in contracted days worked in different job categories from 1991 to 1993). For the third period, data consisted of records relating to sickness absence from 1 January 1993 to 31 December 1995.
Measures
We noted the extent of downsizing for each job category, as in our earlier study.
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Information obtainable from the employer's records for all periods included dates of commencement and, when appropriate, termination of employment, job titles, places of work, and dates on which each period of sickness absence began and ended. We calculated the number of contracted days worked by subtracting days equivalent to number of days off work, irrespective of cause, from total possible working days for each job category from 1 January to 31 December 1991 and from 1 January to 31 December 1993. Job categories were those used by Statistics Finland (32 occupational groups). Person years worked in 1991 and 1993 were calculated for each job category. Percentage reductions in the number of contracted days worked from 1991 to 1993 were calculated for each job category as a measure of the extent of downsizing. The mean extent of downsizing was 14.5%.
Changes in characteristics of work, social relationships, and health behaviours were assessed by using the information obtained by questionnaire surveys in 1990 and 1993. Characteristics of work were measured by internally consistent sets of questions relating to physical and psychological demands of work 13 ; skill discretion, authority to take decisions, and opportunities to participate in decision making as elements in job control 10 13 ; and job insecurity (measured only in 1993). 10 Sets of questions on social relationships covered topics such as support from supervisor, colleagues, and spouse. 13 We also determined whether subjects smoked regularly (yes or no), how much alcohol each consumed (g of alcohol per week), the level of physical activity, and height and weight to assess body mass index. 14 15 A detailed description of the survey measures used is available in the studies cited.
Data on sick leave were collected from computer based records kept by the Raisio occupational healthcare unit. They include data for each employee on when sick leave begins and ends. All certificates relating to sick leave, irrespective of place of issue, must be forwarded for recording. For periods of absence of up to three days employees may complete their own certificates. For absences of more than three days medical certificates are required. This paper deals only with medically certified absences. We grouped all periods of sickness absence that occurred before downsizing (from 1 January to 31 December 1991) and all such periods that occurred after downsizing (from 1 January 1993 to 31 December 1995). We checked records for inconsistencies and combined any overlapping or consecutive periods of sickness absence.
Other variables included were sex, age, and income (median split for high versus low income; medians were 126 000 and 114 000 Finnish markka (£12 764 and £11 548) per year for men and women, respectively).
Statistical analyses
The first step of the analysis compared changes in characteristics of work, social relationships, and health behaviours for employees who had experienced a minor downsizing (reduction of less than 8% of the work force in a person's job category) with employees who had experienced either intermediate downsizing (8-18% reduction) or a major downsizing ( > 18% reduction). Such data cannot be analysed by comparing simple differences because the magnitude of the change would depend on the level at baseline (that is, characteristics of work, social relationships, and health behaviours before downsizing). 4 An imbalance in the means (or percentages) at baseline between employees facing minor, intermediate, or major downsizing would result in the comparisons being biased. Thus for continuous variables differences after downsizing were assessed by analysis of covariance with age, sex, and baseline level of the variable of interest as covariates. For the dichotomous variable smoking, logistic regression was used to compare employees who faced different degrees of downsizing in terms of odds ratios and to adjust for age, sex, and the level of the variable of interest before downsizing. Because the association between downsizing and health is linear, only linear trends between downsizing, on one hand, and changes in characteristics of work, social relationships, and health behaviours, on the other hand, were tested. Tests for linear trends were performed by modelling the group score of downsizing (minor = 1; intermediate = 2; major = 3) as one variable. 16 To explore whether the associations between downsizing and characteristics of work, social relationships, and health behaviours were dependent on sex or income, we tested the interactions between downsizing, sex, and income as suggested by Cohen and Cohen. 17 We calculated number of long periods of sickness absence (more than three days) and person years of follow up for each employee. Ratios of rates of sickness absence after minor, intermediate, and major downsizing and corresponding 95% confidence intervals were calculated. Poisson regression models were fitted to the data relating to number of sickness absence spells. 3 9 18 We used multilevel modelling, individual employees representing the first level and work units (n = 23) the second level, to adjust for the potential bias resulting from the fact that employees' responses to questionnaires on work characteristics, social relationships, and health behaviours could be affected by other employees in the same work unit. 19 Such effects violate the assumption of independent observations underlying the traditional Poisson modelling strategy.
For analyses of the linking mechanisms between downsizing and sickness absence we selected those characteristics of work, social relationships, and health behaviours that we found to change according to the level of downsizing. In the first step, sickness absence after downsizing was adjusted for sickness absence before downsizing, age, and sex (we did not adjust for income because of its association with downsizing). Next, we assessed the contributions made by changes in characteristics of work, social relationships, and health behaviours to the association between downsizing and sickness absence by inclusion in the model of the level before and after downsizing in characteristics of work, social relationships, and health behaviours. To study whether the linking mechanisms were dependent on sex or socioeconomic status, men and women and employees with high and low income were analysed separately.
For all statistical analyses we used the SAS program package complemented by the program prompt GLIMMIX to carry out multilevel analyses for Poisson models calculated by using the GENMOD procedure. 20 21 
Results
Downsizing was associated with changes in work characteristics, social relationships, and health behaviours (table 1) . Major downsizing was associated with increased levels of physical work demands and job insecurity and decreased levels of skill discretion and participation. Downsizing was also associated with lowered levels of spouse support and increased prevalence of regular smoking. There were only two differences between the sexes or income groups in these linear trends. The effect of downsizing on participation was stronger among women (F 1,567 = 5.48, P < 0.05) than among men (F 1,185 = 4.36, P < 0.05) and its effect on physical demands was stronger in employees with low income (F 1,431 = 55.9, P < 0.001) than in those with high income (F 1,322 = 9.6, P < 0.01). Sickness absence was more than two times greater after major downsizing than after minor downsizing (table 2). We found a considerable attenuation in this rate ratio when changes in work characteristics were taken into account, indicating their considerable role in the downsizing-sickness absence relation. After adjustment for work characteristics in multilevel models, the ratio of the rate of sickness absence after major downsizing compared with that after minor downsizing decreased by 49% in the entire sample. The results were similar in men and women and employees with high and low income (table 3) .
Of the separate work characteristics, adjustments for increased physical demands, decreased participation in decision making, reduction in skill discretion, and heightened job insecurity attenuated the ratio of absence rates related to major versus minor downsizing by 28%, 19%, 12%, and 8%, respectively (table 4) .
Adjustment for changes in social support and health behaviours did not significantly affect the associations between downsizing and sickness absence (tables 2 and 3).
Discussion
The most powerful method for examining causal relations is to carry out a randomised experiment. Such an experiment is, however, from the ethical and practical point of view, impossible to perform when the effect of organisational downsizing on health is studied. In such cases the strongest evidence derives from natural experiments in which causal inferences are made on the basis of the time ordering of the variables and explicating the potential linking mechanisms. Our longitudinal design, which allowed the same individuals to be followed from before any rumour of downsizing and during and after it, provided a natural experiment that has rarely been feasible. Although temporal succession is no evidence of causal relations, alternative explanations for the present results cannot be supported by the evidence available.
Another methodological advance of the study was the measurement of downsizing from records of actual days worked in each job category of the organisation. Such a measure has been shown to be sensitive to variations across organisations as well as within organisations across types of worker. Both these variations have relevance in predicting health.
3 Table 2 Rate ratios (95% confidence interval) for sickness absence from all causes after downsizing (adjusted for sickness absence before downsizing, age and sex, work characteristics, social support, and health habits). In all cases the rate ratio for minor downsizing* (n=231) was 1.00 During the study period municipal employees received full pay for the first 60 days of sick leave and two thirds for the next 180 days from the employer. For longer sick leaves, they received benefits from the Social Insurance Institution. The institution also provided compensation to employers for salaries paid to employees on sick leave after the first eight days. We used medically certified sickness absences of more than three days as an indicator of health. On the basis of the extensive Whitehall II studies, spells of sickness absences accurately reflect the health of employees.
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Linkages between downsizing and health Much of the effect of major downsizing on sickness absence was attributable to adverse changes in work characteristics. Increases in physical demands and job insecurity and reductions in job control, particularly in skill discretion and opportunities to participate in decision making, were the most important ones. The largest proportion of the association between downsizing and health was explained by the combination of these changes in work characteristics. Thus, the findings show that multiple mechanisms rather than a single change in work may underlie the adverse effect on health in employees after major downsizing. In previous research work demands, job insecurity, and job control have been shown to be associated with sickness absence, morbidity, and mortality. The manner in which major downsizing was undertaken in Raisio was typical of the public sector in Finland and other countries. The workforce had to be reduced in response to national economic decline to contain costs. Staff numbers were reduced partly through retirement and partly through not filling vacancies. Savings were also gained by not hiring cover for those absent from work. Only employees without permanent contracts of employment lost jobs. Reactive implementation of downsizing is common in public organisations, 6 and the effects on health of such a downsizing are probably less than would occur when downsizing also affects those with permanent contracts. This potential underestimate of effects, particularly in relation to job insecurity, needs to be borne in mind when the implications of these findings are considered.
2
Conclusions
The present data on health, characteristics of work, social relationships, and health behaviours before and after downsizing extend existing knowledge on the potential pathways through which downsizing may affect health.
It is likely that downsizing and other threats to job security will continue to be an important trend within industrialised countries for the foreseeable future. 1 We show that records of contracted days worked allow identification of the degree of downsizing in each job category and thus indicate employees at greatest risk of health impairments. The threat of job loss generated by downsizing resulted in increased morbidity. This increase was not only mediated through job insecurity, which is the expected correlate of threatened job loss, but also through changes in other psychosocial work characteristics.
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What is already known on this topic
There is an association between organisational downsizing and the health of employees Until now evidence about the mechanisms through which downsizing affects health has been lacking
What this study adds
The threat of job loss generated by downsizing results in increased morbidity This increase seems to be mediated not only through job insecurity but also through increased job demands and lowered job control
